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SherrillE. Echtemkampl
CanCattleBeLitterBearing?UterineCapacityinCattle.
Introduction
Withfew exceptions,the bovinefemaleproducesone
ovumperestrouscycle,andconsequentlyoneoffspringper
year.Thus,thereproductiverat of cattleis lowincompari-
son to other meat-producing animals, birds and fish.
Studiesat the Universityof Wisconsinin the early1950's
indicatedthatthefrequencyof twinovulationswas 1O-fold
greaterthanthefrequencyoftwinbirths.However,a recent
evaluationof ovulationratein theMARC twinnerherd indi-
catedthatabout50%of thetwinovulationsresultedin twin
births. Witha twinningfrequencyof 25%in thispopulation,
it is suggestedthatthebovinefemaledoeshavethecapac-
itytogestatemorethanone fetus. The objectiveof this
studywas to determinethe effectsof multipleovulations
and/ornumberof fetuseswithinthe uteruson conception
rate,embryonicsurvivalanddevelopment,maternalproges-
teroneand estronesulfateconcentrationsand placental
function,andtoassessuterinecapacityincattle.
Procedure
To inducemultipleovulationsand,subsequently,multiple
births,283 multiparousSimmental-crossbredcows were
treatedwith12mgFSH-P (folliclestimulatinghormone-pitu-
itary;Schering-PloughCorp.,Kenilworth,NJ), for 4 days
beginningatthemidlutealphaseoftheestrouscycle-2 mg
FSH twicedailyfor2 daysand1 mgtwicedailyfor2 days.
Estruswas synchronizedby theadministrationof 35 mgof
prostaglandinF2q (PGF, Lutalyse,UpjohnCo., Kalamazoo,
MI) intramuscularlyon the morningof the 4thday of FSH
treatment.Cows werepasturedwithfertileGelbviehbulls
for5 daysaftertheFSH treatmentat a ratioof 10 cowsper
bullandapproximately60cowsperpasture.
The numberof fetusesin uterowas estimatedby ultra-
sonographyat 45 to 60 dayspostmating.Pregnancywas
reconfirmedat 90 to 105dayspostmatingby rectalpalpa-
tion. Thenthecowsweretransferredtoopenfrontbuildings
equippedwithCalen Broadbentheadgatesand housedin
groupsoffourcowsof similarsizeandfetalnumber.Cows
were individuallyfed to achievean avgdailygainof .5 kg
perdayperfetus.
Bloodsamples(10ml)werecollectedat28-dayintervals
to calving;plasmawas collectedand storedat -20°Cuntil
assayedfor progesteroneand estronesulfate(E1S04) by
radioimmunoassay(RIA). Progesteronewas measuredina
hexaneextractof .1 ml of plasmausinga singleantibody
RIA systemwithdextran-charcoalseparation.Concentra-
tions of E1S04 were quantifiedin plasmathatwas first
extractedwithetherto removethefreeestrone,thenincu-
batedwith100unitsof sulfatasefor4 hrat37°C. The liber-
atedestronewasextractedwithetherandassayedbya sin-
gle antibodyRIA usingdextran-charcoalseparation. For
analysisofthehormonedata,thelasttwotrimestersofges-
tationweredividedintotheseven28-dayperiodslistedhere
witha rangeof:l: 14 days: 126,154,182,210,238,266,
and294days.
The cows wereobservedfrequentlyduringcalvingand
thecalveswereidentifiedandweighedat birth. Whenpos-
sible, the placentawas collected,weighedand frozenfor
subsequentanalysis.
'Echternkampis a researchphysiologist,ReproductionResearch Unit.
MARC.
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Results
Approximately50% of the cows conceivedat the first
estrusafter FSH treatment(Table 1). As determinedby
ultrasonography,52 cows were gestatinga single fetus.
Twenty-ninecows weregestatingtwins,17 triplets,and 2
quadruplets.The uterusof 38 additionalcows contained
onlydegeneratefetuses,generallythreeor moredegener-
atefetuses.
As anticipated,progesterone(P4) concentrationsin the
maternalcirculation(Fig.1)werealreadyelevatedwhenthe
bloodcollectionswereinitiatedat about120daysof gesta-
tion. Circulatingconcentrationsof P4 weregreaterforcows
gestatingmultiplefetuses;P4 concentrationsdid notdiffer
betweendamsgestatingthreevs fourfetuses.Resultsfrom
earlierstudiessuggestedthatthe corpusluteumwas the
predominantsourceof P4 productionandwas responsible
for maintenanceof pregnancyin the cow throughthe first
twotrimestersof pregnancy.Studiesby otherinvestigators
have suggestedthatextra-ovariansourcescontributedto
the maintenanceof P4 productionduringthe lasttrimester
ofpregnancy.Thus, P4 concentrationsin theearlierstages
of gestationare presumablycorrelatedwiththe amountof
functional luteal tissue contained within the ovaries.
Whereascirculatingconcentrationsof P4 duringthe last
trimesterof pregnancyresultfromP4 productionby extra-
ovariansources(Le.,increasedproductionby the placen-
tomesof theplacentaorbytheadrenals).Perhapsthesig-
nificantdeclineat 182dayswas associatedwiththetransi-
tion from ovarian to extra-ovarianP4 production. The
shortergestationalengthsfordamsgestatingthreeor four
fetusesresultedinanearlierdeclineinP4 (Fig.1).
Overall,circulatingconcentrationsof estronesulfate
(E1S04) were significantlylower in cows gestatingone
fetusthanin cowswithmultiplefetuses(Fig.2). However,
the differentratesof increasein magnitudeof the E1S04
concentrationswithtimeresultedin significantdifferences
amongfetalnumbersof one,twoandthreeat 294daysof
gestation.
Gestationalength(Table2) wassignificantlyshorter(P
<.05)forcowsproducingtwinsthansingles,andshorterfor
cows producingtripletsthantwins,whereasdamsproduc-
ing triplets,quadrupletsand quintupletshadsimilargesta-
tionallengths. Datafor damsthatabortedmultiplefetuses
prematurelywerenotincludedintheanalysis.
Bothcalfbirthwtandcalfsurvivalforthe24 hraftercalv-
ing (Table2) decreasedas the numberof calvesper dam
increased.Birthwtof individualcalveswas reducedabout
25% for twinsvs singlesand tripletvs twin,whereasthe
reductionwas smalleramong triplets,quadruplets,and
quintuplets.Becausegestationalengthhad a significant
effecton calf birthwt (Le., .35 kg per day of gestational
length),thedatawerereanalyzedwith gestationallengthas
a covariate.Althoughthe adjustmentreducedthe magni-
tudeof the rangein birthwt, the significanteffectsof calf
numberand sexof calfremained.
Calfsurvivalwithin24hraftercalvingdidnotdiffersignif-
icantlybetweensingleandtwincalves. Similarresultswere
obtainedinour twinningherdfor maturecowswhichwere
observedcloselyduringcalving. However,survivalof twin
calvesfromfirstparityheiferswas reducedsignificantlyin
thetwinningherd.
A completeplacentawascollectedfromaportionofthe
cowsatcalving. Thetotalnumberofcotyledonsperpla-
centa(Table3)didnotdifferamongplacentascollected
fromcowsproducingsingle,twin,triplet,or quadruplet
calves.Totaldrywtofthecotyledons(Table3)wassimilar
amongplacentasfromcowsproducingsingles,twins,and
triplets,butwasincreasedsignificantlyforplacentasfrom
cowsproducingquadruplets.Totalwtof theintercotyle-
donarymembranesincreasedasthenumberofcalvesborn
increased,withtheincreasesbeingsignificantforplacentas
oftripletsandquadruplets.However,thetotalplacentalwt
(cotyledons+intercotyledonarymembranes)wasincreased
foronlyplacentasofthequadruplets.
Becausebirthwtof individualcalvesdecreasedasthe
numberof calvesproducedincreased,therewasa signifi-
cantnegativecorrelationbetweencalfbirthwtandtotalcalf
wt(Table4). Likewise,totalwtof theplacentaremained
thesameorincreasedslightlywithanincreaseinnumberof
calves;thus,thenegativerelationshipbetweencalfbirthwt
andplacentalweight.
As illustratedinFigs.1and2,maternalP4 andE1S04
concentrationsi creasedwithanincreaseinfetalnumbers;
thus,significantpositivecorrelations(Table4)werefound
betweenmaternalsteroidconcentrationsandtotalcalf
weight.Becauseofthesmallincreasesinplacentalwtwith
calfnumber,therelationshipsbetweensteroidconcentra-
tionsandplacentalwtwerelow. Theshortergestational
lengthfordamswiththreeorfourcalvesreducedthemag-
nitudeofthecorrelationsatthelatergestationalperiods.
Asgreaterthan25%ofthebovinefemalesgestatedtwo
ormorecalvestoterminthepresentstudy,itis suggested
thatovulationrateis thefirstlimitingfactorto increasing
beefproduction.In a subsequentexperiment,cowswere
treatedwithFSHandslaughteredat50daysofgestation.
Again,themaximumnumberofviablefetuseswasthree
fetusesperuterinehornor fiveper uterus. However,
becauseof theincreasedincidenceofabortionsforcows
gestatingtripletsandquadruplets,it appearsthattwo
fetusesistheoptimalfetalnumberforcattle.
Increasingthenumberoffetusesperdamresultedina
significantreductioninbirthwtandplacentalwtpercalf
bornandingestationallengthfortheirdams.However,pro-
ductiongainscan beobtainedfromincreasingthefre-
quencyoftwinovulationsandbirths.Basedonthepresent
results,an increasein ovulationratefromone to two
resultedin a 1.36-foldincreasein numberof livecalves
born,a 1.08-foldincreaseintotalbirthwt,anda projected
1.50-foldincreaseintotalcalfweanedweight.
·Fetal status was evaluated at 45- 106O-day postmating by ultrasonography.
b Uteruscontainednoviablefetusesanda predominanceof3 or moredegeneratefetuses.
Leastsquaresmeans.DatatorCOWSabortingtwin(n=1),triplet(n. 5),orquadruplet(n. 1)fetusesbetween
165and244daysofgestationwereexcludedfromtheanalysis.
Calf survivalat24 hraltercalving.
BirthWIofa mummifiedfetuswasexcluded.
d., GMeanswithina columnwithouta commonsuperscriptdiffer(P <.01).
hI) Meanswithina columnwithouta commonsuperscriptdiffer(P <.05).
--
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Table 1-1nductlon of multiplebirths In cattlewith FSH
Typeofpregnancy"
Lactational No. Total Quad- Fetal
status cows conception Single Twin Triplet ruplet degenerationb
Lactating 189 94(49.7%) 35(18.5%) 18(9.5%) 11(5.8%) 1( .5%) 29(15.3%)
Nonlactating 94 44(46.8%) 17(18.1%) 11(11.7%) 6(6.4%) 1(1.1%) 9( 9.6%)
Overall 283 138(48.8%) 52(18.4%) 29(10.2%) 17(6.0%) 2( .7%) 38(13.4%)
Table 2-Effect of birthnumberson gestationallengthandcalf birthwt
and survival rate"
Typeof No. Gestational No. Birth Survival
birth cows length,day calves wt,kg rateb
Single 47 291.8d 47 44.1d .98d
Twin 22 284.3' 44 34.8' .93d
Triplet 9 273.9' 26< 25.0'h .74.h
Quadruplet 7 272.9' 27< 21.81 .641
Quintuplet 1 274.0' 5 16.6G) 1.00d
--
Table3-Effect ofbirthnumbersonplacentaltraitsatcalving.
· A completeplacentalunijwasobtainedfromonlya portionofthecowscalving.
b Numberof calvesbomtoa cowattheobservedcalving.
cdMeanswithina rowdifferamongbirthgroups(P <.05).
· f Meanswithina rowdifferamongbirthgroups(P <.01).
ghMeanswithina rowdifferamongbirthgroups(P <.001).
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No.calvesbomb
Variable One Two Three Four
No.cows 17 11 6 2
No.cotyledons 70.2 66.1 57.5 88.5
Cotyledonarywt,9
Wet 1440.4c 1372.2c 1069.0. 2330.8d1
Dry 153.6c 148.1c 125.3. 269.5d1
Membranalwt,9
Wet 1510.4c. 1755.6c 2091. 2828.5d1
Dry 156.6.g 184.1g 243.0cl 353.6d Ih
Totalplacentalwt,9
Wet 2950.8. 3127.7" 3160.1c 5159.3dl
Dry 310. 332.3. 368.3. 623.1fh
Table 4-Correlatlonsamongcalfbirthwt,placentalsize,andmaternalhormonal
concentrations
Total
Calf Total cotyle- Total Total
birth calf donary membranal placental
Variable wi wi wi (dry) wi (dry) wi (dry)b
Calf birth wt - -.43** -.07 -.44** -.29*
Totalcalfwt" -.43** - .00 .34* .21
Cotyledonary
No. .11 -.12 .69** .40** .57**
Wetwt .03 -.05 .96** .66** .86**
Drywt -.07 .00 - .74 .93**
Membranalwt
Wet -.36* .21 .75** .94** .90**
Dry -.44** .34* .74** - .94**
Totalplacentalwtb
Wet -.21 .10 .91** .86** .95**
Dry -.29* .21 .93** .94**
Progesterone
P-1c -.46** .23* .03 .29* .16
P-2 -.43** .24* .03 .31* .17
P-3 -.52** .35** .08 .33* .26
P-4 -.50** .32** .08 .38** .23
P-5 -.44** .25* -.11 .13 -.02
P-6 -.10 .03 -.05 .10 -.02
P-7 -.10 -.24 -.33 -.40 -.44
EstroneSulfate
P-1 -.42** .54** .09 .30* .21
P-2 -.52** .63** -.06 .31* .12
P-3 -.53** .66** -.13 .30* .07
P-4 -.47** .65** -.05 .17 .04
P-5 -.47** .54** .08 .29 .18
P-6 -.54** .63** .01 .21 .12
P-7 -.21 .52** -.69* .01 -.54
· TotalWIofcalvesbornperdam.
b TotalWIofcotyledonsplusintercotyledonarymembranes.
c Gestationalperiod.
.P< .05.
..P< .01.
ONE FETUS
TWO FETUSES_ THREE FETUSES
FOUR FETUSES
o.
98 126 154 182 210 238 266 294
GESTATIONAL PERIOD (d)
FIgure 1 - Relationship between number of fetuses in utero and
maternal circulating concentrations of progesterone.
Progesterone concentrations were proportional (P < .01) to
number of fetuses in utero from 126 to 266 days of gestation,
but did not differ for three vs four fetuses (P > .05).
GESTATIONAL PERIOD (d)
Figure 2 - Relationshipbetweennumberof fetusesin uteroand
maternal circulating concentrations of estrone sulfate. Estrone
sulfate concentrations were lower (P < .01) throughout gesta-
tion in cows with single vs multiplefetuses. At 266 days of ges-
tation, estrone sulfate concentrations were proportional (P <
.01) to number of fetuses.
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